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Os sons do pastejo’

Autor: Lidiane Fonseca
Orientador: Paulo César de Faccio Carvalho

Resumo: A capacidade de avaliagdo do comportamento ingestivo e 0 consumo
de forragem por animais é chave para o entendimento dos processos
envolvidos no pastejo. Este trabalho foi conduzido na EEA-UFRGS, com o
objetivo de investigar a existéncia de diferentes tipos de bocados, gerados por
diferentes formas de preenséo, e também por diferencas estruturais no pasto,
que por sua vez geram diferentes caracteristicas acusticas. Investigou-se a
hip6tese de que a massa do bocado possa ser estimada por estas
caracteristicas. Os tratamentos consistiram de quatro alturas de pasto e duas
espécies forrageiras de habitos de crescimento contrastantes, quais eram:
Lolium multiflorum (6, 12 18 e 24 cm) e Cynodon dactylon (12, 19, 26 e 33 cm).
As variaveis de pasto avaliadas foram: Altura real, Massa de forragem e
Densidade do estrato superior do pasto. Estudou-se formas de avaliar a massa
do bocado, sendo elas: Método de dupla pesagem, Método de “hand plucking”
e Método calculada por meio de formulas de um modelo baseado na literatura.
Além disso, se investigou o posicionamento de microfones no método acustico,
e a capacidade deste método em estimar a massa do bocado e diferenciar
tipos de bocados em simples ou compostos. Os resultados demostram que o0s
métodos de avaliar a massa do bocado possuem linearidade entre si, bem
como séo lineares as relacdes com as alturas de pasto estudadas. No entanto,
a massa do bocado oriunda do método da dupla pesagem e do método
calculado apresentaram valores superestimados, 0 que pode estar relacionado
a elevada densidade do pasto, bem como o alto conteddo de matéria seca.
N&o foi encontrada diferenca nos posicionamentos dos microfones para
avaliacdo das caracteristicas acusticas dos bocados. O método acustico
mostrou-se capaz de discernir entre bocados simples e compostos, porém, em
se tratando de tipos de bocados previamente definidos que possuem distintas
massas, este método ainda precisa ser aperfeicoado.

Palavras-chave: Bioacustica, Bocados compostos, Massa do bocados, Tipos
de bocados

Tese de Doutorado em Zootecnia — Plantas Forrageiras, Faculdade de Agronomia, Universidade Federal
do Rio Grande do Sul, Porto Alegre, RS, Brasil. (98 p.) Agosto de 2014.



The sounds of grazing*

Author: Lidiane Fonseca
Adviser: Paulo César de Faccio Carvalho

Abstract: The ability to evaluate the ingestive behavior and herbage intake by
grazing animals, are the important aspects to the understanding the grazing
processes. This work was carried out at EEA-UFRGS, the aim was study bite
types generated by different ways of animal harvest the bite.and diferences in
sward structure. We hypothesized that this different bite types generate distinct
acoustic characteristics and bite mass, which in turn, may be estimated by
acoustics characteristics.The treatments were levels of sward surface height
(SSH) in two different forage specie: Lolium multiflorum (6, 12 18 e 24cm) and
Cynodon dactylon (12, 19, 26 e 33cm). The sward variables evaluated and
discussed on papers in this thesis pasture were: Actual sward surface height,
herbage mass and bulk density of superior strata. We had study three ways to
estimate the bite mas, which are: Hand plucking, double weighing, and
calculated method (based on Baumont et a., 2004 formulas). Furthermore, we
study three positions of microfone on animal in bioacustic methodology, besides
the ability of this method to estimate the bite mass and discriminate between
bite types. The results shown that three methods to evaluate bite mass were
linear with each other, and also sith the SSH studied. However, the bite mass
from double weighing and Calculated method shown high values, when
compared with hand plucking method and others papers, this fact may be due
to the high bulk density, as high proportion of dry matter. Was not found
differences in microfone position to discriminate different bite types. The
acoustic method was able to discriminate single bites and chew bites, however,
to the bite types previously defined, which have different bite mass, this
methodo still needs to be improved.

Key words: Bioacustic, Bite mass, Bite type, Chew-bites.

Doctor Scintist in Animal Science, Faculdade de Agronomia, Universidade Federal do Rio Grande do Sul,
Porto Alegre, RS, Brazil (98 p.) August, 2014.
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Abreviatura
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b
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BD
BkD
BM
BW
cb
cm
cm
cm?
d
DA

min
mo
MS
PV
RMSE
SSH
STIR
WAV
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Descricao

Akaike information criterion
Bite

Bite area

Bite depth

Bulk Density

Bite mass

Body weight

Chew bite

Centimetro
Centimetros
Centimetros quadrados
Day

Dental arcade breadth
Decibel

Dry matter

Dry matter

Dry matter intake

Et alii € uma expressao latina que significa "e outros
Et cetera (e as demais coisas)
Figura/figure
Frequéncia

Grama (medida)

Horas

Hectare

Herbage mass

Institute of Grassland and Environmental Research
Kilograma

Quilohertz

Live weight

Metros quadrados
Metros cubicos

Massa de bocado
Massa de forragem
Miligrama

Minutos

Month

Matéria seca

Peso vivo

Root mean square error
Sward surface height
Short term intake rate
Wave form audio
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1.1 Introducéo

A habilidade em avaliar o comportamento ingestivo e 0 consumo de
forragem por animais é aspecto chave para o entendimento dos processos
envolvidos no pastejo, e importante para tomar decisbes de manejo (Ungar,
1996). O consumo € o fator mais determinante da produtividade das pastagens,
e também uma das mais importantes medidas de impacto dos animais nos
ecossistemas pastoris. Nao obstante, sua medigdo € “a caixa preta” da
investigacdo em pastagens. Os métodos para avaliar o comportamento e
estimar o consumo séo desafiadores quando realizados no ambiente pastoril e,
na maior parte dos casos, caros e imprecisos. Nesse sentido a massa do
bocado entra como variavel determinante a ser investigada, visto que € a
variavel central do consumo de forragem. Segundo Laca e Ortega (1995), o
bocado pode ser considerado como o a&tomo do pastejo, o que denota a
importancia em se encontrar metodologias para avaliar esta variavel, pivotal em
diversos estudos de comportamento ingestivo, consumo e manejo do pasto.

Novas tecnologias e avancos em métodos analiticos tém procurado
incrementar a capacidade da pesquisa em coletar dados relativos ao
comportamento ingestivo e 0 consumo de forragem por animais em pastejo
(Carvalho et. al., 2009). Dentre as recentes inovacdes nesse tema, 0 método
acustico tem sido proposto por ser método nao invasivo, de baixo custo e que
possibilita identificar as atividades dos ruminantes de forma continua, sem
afetar o comportamento do animal. Tal método ja foi proposto em consideravel
namero de publicacbes (e.g., Laca & Wallis DeVries, 2000; Ungar & Rultter,
2006; Galli et al., 2006; Milone et al., 2009; Clapham et al., 2011; Galli et al.,
2011; Da Trindade et al., 2011; Nadin et al., 2012).

Neste contexto, esta tese é composta por quatro capitulos. O
Capitulo | traz uma revisao bibliogréafica sobre os assuntos tratados no decorrer
do trabalho. No Capitulo Il apresenta-se um artigo onde se aborda trés formas
de avaliar a massa do bocado de animais em pastejo, e também é abordado a
possibilidade de uso de varidveis acusticas para tal finalidade. O artigo do
Capitulo Il versa sobre as caracteristicas acusticas de tipos de bocados (tipos
definidos previamente pelo avaliador e bocados simples ou compostos), se
discutindo acerca da identificacdo destes tipos de bocados de acordo com trés
locais de posicionamento do microfone no animal. Por fim, no Capitulo IV, sdo
apresentadas as consideracdes finais, onde sédo apresentadas as conclusdes
gerais do trabalho, juntamente com as perspectivas futuras da técnica da
bioacustica.
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1.2 Modelo Conceitual

O modelo conceitual apresentado na Figura 1 trata das relagbes
envolvidas no presente trabalho. Como variavel central do modelo esta a
producdo animal a pasto. A massa do bocado (MB) aparece como a variavel
gue serd tratada na presente tese e influencia a producao animal, visto que € a
principal determinante da taxa de ingestdo. A taxa de ingestdo, por sua vez, é a
variavel que afeta de forma peremptéria o consumo diario de forragem. Quando
em situacdo de baixa taxa de ingestdo, os animais aumentam a duragao da
refeicdo, na tentativa de manter o consumo diario de forragem aumentando,
dessa forma, o tempo de pastejo.

A MB é influenciada ndo apenas pela espécie vegetal e pelo animal
que esta pastando, mas também é fortemente influenciada pela altura do pasto.
A altura do pasto, por sua vez, é a forma como o animal percebe a estrutura do
pasto. Consequentemente, diferentes alturas acarretam distintas estruturas de
pasto, que promovem diferentes MB.

Neste trabalho, diferentes tipos de bocados tomados pelos animais
serdo abordados. Estes tipos de bocados diferem de acordo com a massa do
bocado, que como descrito acima, responde a altura do pasto, a espécie
vegetal e ao animal.

Outro ponto a ser tratado sdo as caracteristicas acusticas dos
bocados, as quais séo influenciadas pela massa do bocado e todas as
variaveis que a influenciam, assim como os tipos de bocados a serem tratados
nesta tese.

\ Variaveis abordadas na tese }

|

Caracteristicas
acusticas do
bocado

Taxa de
ingestéao

l

Consumo
dlarlo

l

Produgéo
animal

Figura 1: Modelo conceitual sobre como variaveis relacionadas ao animal e ao
pasto definem diferentes tipos de bocado e suas caracteristicas acusticas.
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1.3 Hipoteses e Objetivos

1.3.1 Hipotese:

- Existem diferentes tipos de bocados, gerados por diferentes formas
de preensdo e por diferencas estruturais no pasto. Essas diferencas se
refletem em diferentes caracteristicas acusticas, que poderiam ser utilizadas
para estimar a massa de cada bocado.

- O posicionamento de um microfone, ou de um conjunto de
microfones no animal, afetaria a afericAo das caracteristicas acusticas
gravadas.

1.3.2 Objetivos:

e Definir as caracteristicas acusticas dos diferentes tipos de bocado;

e Estimar a massa do bocado por meio de varias metodologias,
para validar a estimacéo via caracteristicas acusticas;

e Avaliar se o método acustico é capaz de predizer a massa do
bocado;

e Estudar o posicionamento posicionamento dos microfones que
proporcionem melhor qualidade nas gravacfes acusticas;

e Avaliar se o método acustico é capaz de diferenciar tipos de
bocados e bocados compostos.
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1.4 Revisédo Bibliografica
1.4.1 Definicdes

Bioacustica € a combinacédo de duas areas de estudo: A acustica e
a biologia. Ela normalmente se refere a producéo, dispercao e recepcao de
som dos animais. As meétricas utilizadas na bioacustica para classificar e
quantificar processos sonoros (no caso do presente estudo 0s processos
ingestivos), sdo a frequéncia, amplitude e envelope. A frequéncia é o nimero
de ondas sonoras que passa por um determinado a cada segundo. A amplitude
corresponde a quantidade de energia em cada onda sonora. O envelope por
sua vez, é a forma como o som se inicia, se mantém e termina ao longo do
tempo.

(@)

T Amplitude

Alta Frequéncia

- Amplitude Baixa Frequéncia

(b)

e o

ity

Figura 2 representacdo das métricas sonoras (a) Amplitude e frequéncia e (b)
envelope.

1.4.2 O que é a bioacustica e quais 0S seus usos atuais?

Bioacustica, no caso do presente estudo, refere-se ao estudo dos
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sons emitidos pelos animais. Ela é a juncdo de duas areas de estudo, a
acustica somada a biologia. Esta técnica teve seus primeiros passos apoés
avancos tecnoldogicos decorrentes da segunda guerra mundial (Vielliard & Silva,
2011). Desde entdo, é uma metodologia muito util tanto na ecologia como na
zootecnia, pois é bastante utilizada para monitoramento de varias espécies
animais selvagens ou domesticados, além de ser imprescindivel para
caracterizacao de espécies (Vielliard, 1993).

1.4.2.1 Usos da bioacustica na ecologia

A Dbioacustica permite a investigacdo de areas que contém
populacbes de determinadas espécies além de investigar periodos de tempo
gque contém atividades bioldgicas importantes, tais como o0 acasalamento,
migracdo e forrageamento. Registos acusticos podem ser utilizados por
bidlogos de conservacao visando detectar a presenca de espécies de animais
ameacadas de extin¢cdo ou raras (Blumstein et al., 2011).

O monitoramento acustico tém sido amplamente utilizados para
monitorar a vida marinha em todo o mundo por vérias décadas (e.g.
Richardson et al., 1995). O seu potencial para a monitorizacdo dos animais em
ambientes terrestres, no entanto, s6 foi identificada mais recentemente (e.g.
Oliveira & Ades, 2004; Gross-Louis et al., 2008; Monticelli & Ades, 2011). Os
ornitélogos foram os primeiros cientistas a fazerem uso da bioacustica fora da
agua (e.g. Vielliard, 1989; Vielliard, 1993; Vielliard & Siva, 2011). Esta técnica
ndo € apenas a coleta de informacfes sobre a presenca de espécies. Os
recentes avancos na bioacustica mostram que ela pode ajudar a estimar a
riqueza de espécies e densidade de espécies, informar os padrdes de atividade
dos animais, a fenologia reprodutiva, ou entender as interacdes entre o0s
individuos. Essa informacdo pode entdo ser usada para acompanhar os efeitos
das alteracbes climaticas, fragmentacdo de habitats ou as perturbacbes
antrépicas sobre o comportamento, a distribuicdo ou a densidade de vida
selvagem (Blumstein et al.,, 2011). Considerando a recente necessidade de
enfrentar a mudangas ambientais e suas consequéncias sobre a biodiversidade
a bioacustica na ecologia desponta como uma importante ferramenta para
monitoramento e pesquisas nessa area (Blumstein et al., 2011; Pereira &
Cooper, 2006).

1.4.2.2 Usos da bioacustica na zootecnia

Na zootecnia a bioacustica € amplamente utilizada como ferramenta
para avaliar o bem estar de animal através da vocalizag&o, assim como forma
de identificac@o de possiveis fatores de estresse de varias espécies de animais
como: suinos, ovelhas, bovinos de corte e leite, aves, entre outros (e.g.
McCowan et al., 2002; Manteuffel et al., 2004; Gradin, 1998; 2001; Naas et al.,
2008).

No entanto no presente trabalho, assim como em diversos outros
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que serdo apresentados no decorrer desta revisdo e na discussao dos artigos
desta tese, tratam o0 uso da bioacustica como identificacdo de movimentos
mandibulares. Intenta-se a aplicacdo desta técnica para identificacdo dos sons
que os herbivoros domesticos emitem ao pastejar, e que nos sado Uteis para
avaliacdo do comportamento ingestivo e no consumo pelos animais em pastejo.

1.4.3 Porqué estudar a bioacustica no comportamento ingestivo?

Medidas de comportamento ingestivo podem ser realizadas por
observacdo direta (Mezzalira et al.,, 2011). Mas sédo avaliacbes exaustivas
mesmo para observadores treinados, dificultando a coleta de dados e a
precisdo das observacfes por longos periodos, sobretudo durante o periodo
noturno. Equipamentos e sistemas automatizados desde longa data tém sido
empregados no monitoramento do comportamento ingestivo, entre eles o
Ethosys, Medilog, Vibracorders, APEC, acelerdmetros, mas o de uso mais
frequente € o IGER Behaviour Recorder (Carvalho et al., 2007). Esse aparelho
registra movimentos mandibulares e um software (Graze Analysis Program) os
distingue em bocados e movimentos mandibulares de ndo-bocado, bem como
o tempo efetivo de alimentagcdo e ruminacdo (Rutter, 2000). Os movimentos
mandibulares podem ser identificados e classificados como bocados e néo-
bocados de acordo com critérios de amplitude e frequéncia especificados pelo
usuario do software (Ungar & Rutter, 2006). Os registros podem ser
observados na escala de segundos e ainda sédo capazes de fornecer o tempo
de pastejo, ruminacdo e outras atividades, dentre outras importante
informacgdes acerca do comportamento ingestivo dos animais.

A bioacustica, por sua vez, possibilita a identificacdo das atividades
dos ruminantes de forma continua, sem afetar o comportamento dos animais,
além de ser um método ndo invasivo e com baixo custo para aquisicdo dos
equipamentos. O principio estda no fato das atividades dos animais
apresentarem caracteristicas acusticas que potencialmente permitem
discrimina-las (e.g., Laca & Wallis DeVries, 2000; Ungar & Rutter, 2006; Galli et
al., 2006; Milone et al., 2009; Clapham et al., 2011; Galli et al., 2011; Da
Trindade et al., 2011; Nadin et al., 2012).

Uma importante vantagem da bioacustica em relacdo as demais
técnicas ja utilizadas para avaliar o comportamento ingestivo, € a possibilidade
de discriminagcdo de movimentos mandibulares compostos, onde a forragem ja
colhida é mastigada pelo animal, a0 mesmo tempo em que o0 mesmo colhe
outro bocado (Penning et al., 1991; Laca et al., 1992, 1994).

Além da avaliacgdo do comportamento ingestivo supracitado, a
bioacustica pode ser utii para a medicdio da massa do bocado e
consequentemente do consumo pelos animais em pastejo. Neste aspecto de
medicdo do consumo, existem diversas metodologias sendo utilizadas, tais
como: Marcadores internos como N-alcanos (Mayes et al. 1986; Dove &
Mayes 1996; Mayes & Dove, 2000; Gordon, 1995), utilizacdo de animais
fistulados, utilizacdo da técnica da dupla pesagem aliado com aparelhos que
registram os bocados e tempo de alimentac&o (Penning & Rutter, 2004).
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1.4.4 Métodos utilizados para avaliar o comportamento ingestivo de
animais em pastejo e estimar a massa do bocado

Desde publicagbes como a de Penning et al. (1984), que publicou
detalhes dobre um sistema automatico de avaliacdo do comportamento
ingestivo de animais em pastejo, tem se publicado inUmeros trabalhos neste
contexto, com diversas metodologias utilizadas. Brun et al. (1984) desenvolveu
um sistema baseado em um sensor similar ao de Penning et al. (1984), este
sensor consistia em um sensor ligado a mandibular do animal, este sistema era
potencialmente mais confiavel do que o utilizado por Penning. No entanto este
sistema apenas identificava se o animal estava pastejando ou ndo em
intervalos de 2,5 s, e com os dados era possivel obter apenas o tempo de
pastejo e ruminacao, sem informacdes acerca dos movimentos madibulares.

Outra ideia similar com a de Penning foram utilizada nos trabalhos
de Matsui and Okubo (1991, 1993), os quais desenvolveram sistemas de
microfones conectados a gravadores. Este, por sua vez, fornecia o0s
movimentos mandibulares e o nimero de pausas maiores do que 3 s entre
estes movimentos, isto por minuto. Estes dados forneciam o tempo de pastejo
e ruminacdo, o numero de movimentos mandibulares totais, e 0 nimero de boli
durante a ruminagdo. No entanto, este sistema, nao discriminava entre
movimentos de bocados e mastigacBes, e consequentemente ndo permitia
obter informacdes confiavel acerca da massa do bocado. Outro sistema com
microfone foi desenvolvido por Luginbuhl et al. (1991). Este, por sua vez,
fornecia o numero de bocados, escutando o som (ou seja analise “manual”). Os
movimentos mandibulares totais, neste sistema, era obtido por um bucal
elastic, em que os contatos elétricos incorporados se quebravam toda vez que
o animal abria a mandibula (Luginbuhl et al.,, 1987). Neste sistema a
discriminagédo entre pastejo ou ruminacéo era baseado na posi¢céo da cabeca
do animal (fornecida por um interruptor na cabeca), se a cabeca do animal
estivesse para baixo indicava que era movimento de pastejo se estivesse
levantada era movimento de ruminacdo. No entanto, este método foi muito
criticado, pois a exata posicao do interruptor ndo era confiavel, podendo gerar
muitos erros nas medicos (Penning, 1983).

Um método acustico inicial, similar o atual utilizado no presente
trabalho, foi proposto por Alkon et al. (1989) para avaliar o comportamento de
porcos-espinho (Hystrix indica). Posteriormente, Laca et al. (1994) constataram
em bovinos que bocados e mastigagdes poderiam ser facilmente identificados
e contados pela inspecédo de registros acusticos, ao invés da observacgao direta.

Além das importante informagcoes sobre o0s movimentos
mandibulares, bem como se estes séo de bocados, mastigacdo ou compostos,
a investigacdo nesta area de estudo necessita de metodologias capazes de
avaliar a massa do bocado e, mais ainda, a possibilidade de estimar o
consume em pastejo de forma confidvel. Neste sentido tém-se utilizado
metodologias como a da dupla pesagem aliada com a contagem (automatizada
ou manual) dos bocados. (e.g. Fonseca et al., 2013; Prache & Damasceno,
2006)

IGER aliado com a técnica da dupla pesagem: E um método de
bastante acuracea, no entanto pode ser bastante trabalhoso, e a obtencdo dos
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resultados e restringidas a experimentos de curta duracéo, impossibilitando a
aplicacdo em escalas diérias.

Grid — Método de hand-plucking: Previamente a realizacdo das
avaliagdes e de acordo com a estrutura do pasto avaliado € definido um “grid”
de bocados, que consistem em codigos que caracterizam bocados tomados
pelos animais. Este método, pdoe ser muito eficiente, no entanto requer
observadores exaustivamente treinados, que irdo contabilizar e caracterizar de
acordo com o 0”grid” todos os bocados tomados pelo animal em um periodo de
tempo. Este método possibilita a estimativa da massa do bocado, e a variacéo
desta, no entanto, ndo permite a contagem total dos movimentos mandibulares,
e nao fornece tempo de pastejo, ruminacdo, e embora permita estimar o
consumo, ndo pode ser considerado altamente confiavel na pesquisa com este
fim (para melhor descricdo da técnica vide: Bonnet et al., 2011)

Novas técnicas para medir a massa do bocado séo, urgentemente,
necessarias, ja que muitas vezes, medicdes alternativas de massa do bocado,
como atraves de estimativas por meio da biomassa ou da altura (Bergman et al.
2000), podem ser requeridas para muitas aplicacées no campo.

Segundo Laca & Wallis DeVries (2000), a gravacdo acustica contém
alta riqueza de informacdes que podem ser reunidas de maneira que nao
interfira no comportamento de pastejo e que pode prestar-se a analise
automatizada e pouco subjetiva (Milone et al.,, 2009; Clapham et al., 2011).
Além disso, uma vantagem importante da abordagem acustica é que permite a
contagem de mastigacfes e bocados, assim como de movimentos compostos
de mastigacdo+bocado (Ungar & Rutter, 2006). Neste contexo a maioria das
técnicas ja utilizadas e consolidadas para avaliar 0 comportamento ingestivo
nao consegue discriminar estes movimentos compostos de mastigacao,
manipulacdo e bocados (Penning et al., 1991). Movimentos mandibulares
compostos, nomeados de mastigacdo+bocado (chew-bite) j& foram detectados
em bovinos por Laca & Wallis DeVries (2000) foram acusticamente
confirmados em ovinos e seu espectro reconhecido (Milone et al., 2009).

Além destes fatores supracitados, alguns estudos promissores
indicam a possibilidade de utilizar a técnica acustica para quantificar a ingestédo
da forragem (Laca & Wallis DeVries, 2000; Galli et al., 2006; Galli et al., 2011),
havendo evidéncias de que esta técnica possa predizer também o tipo de
espécie vegetal ingerida pelo animal, bem como sua digestibilidade (Carvalho
et al., 2009).

Embora o método acustico revele ser altamente promissor para
registrar e quantificar eventos de ingestdo, a classificacdo manual desses
eventos em softwares de audio é dificil, demorado e necessita de automacéao
(Ungar & Rutter, 2006). Além disso, segundo Clapham et al. (2011), é
necessario utilizar gravadores e microfones que captem e registrem som em
ampla frequéncia (0-22kHz) e que os armazenem no formato WAV (wave form
audio) para que facilite a diferenciagdo entre os movimentos mandibulares de
bocados e mastigacgodes.
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Methods to determine the bite mass its relationship with sward surface height and

the estimation of bite mass from sounds variables

Abstract: Several problems related to the estimation of herbage intake are associated
with the difficulty in estimating the bite mass (BM). New technologies and advances in
analytical methods have sought to increase research capacity in collecting data on the
herbage intake by grazing animals. In this sense, the bioacustic appears as a promising
method. This study aimed to compare methods to measure bite mass of heifers in
grazing condition. Moreover, we tested the estimation of BM from sound’s variables of
the bites. The experiment was carried out at the experimental station of Federal
University of Rio Grande do Sul (EEA-UFRGS). Two experiments were conducted, one
using Lolium multiflorum and the other with Cynodon dactylon microswards, grazed by
four Angus x Brahman beef heifers (60 £ 2 month old, 395 + 6.7 kg BW). The
treatments were four levels of sward surface heights (SSH) (i.e: Lolium multiflorum 6,
12 18 and 24cm, Cynodon dactylon, 12, 19, 26 and 33cm). A sward stick was used to
determine the SSH, 10 points per microsward were measured in each grazing session.
The microsward, used in the grazing session, was placed on the floor of the arena so
that the soil surface was approximately 15 cm above the level at which the animals were
standing. The microsward was offered to each animal until it started to take bites in the
second grazing horizon, and each bite was described according to a predefined type.
Bite mass was estimated by three methods: corrected microsward mass loss, product of
bite dimensions and sward bulk density and simulated bites (hand plucking)., and for C.
dactylon the bite mass was estimated by the acoustic characteristics. Bite masses

calculated by all methods were linearly related to SSH, with the best relationship being
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for the bite dimension method. BM estimated by the three methods presented linear
relationship among them. Although was possible to estimate the BM from sound
variables, i.e. bioacustic, the method has to be further improved to estimate BM and

herbage intake in grazing condition.

Keywords: Bite types, hand-plucking, calculated bite mass, double weight method.

Introduction

Herbage intake is a central variable to understand and predict the animal
performance in grazing studies (lllius and Gordon 1987; Burns et al. 1994). Bite mass,
in turn, is assumed to be a determinant for the daily intake and consequently, for the
performance of grazing animals (Gordon and Benvenutti, 2006; Fonseca et al., 2013).
At the instantaneous scale, intake provides a direct measurement of the animal’s ability
to grazing. However, the measurement of herbage intake, particularly in a free ranging
condition, is still a challenge.

Several problems related to the estimation of herbage intake are associated to the
difficulty in estimate the bite mass. There are only a few methods that can be used to
estimate bite mass in a free ranging herbivores, such as: Esophageal fistulation, which is
considered the method that gives the most accurate results (Stobbs, 1973), however,
according to Casey et al. (2004) only a few grassland research facilities have access to
oesophageally fistulated animals, so alternatives need to be evaluated. Double weighing
technique is another thechnique which is used in several works to estimate bite mass
(e.g. Fonseca et al., 2013; Mezzalira et al., 2014; Prache & Damasceno, 2006) is a good

way, however is difficult to use with free grazing animals. The hand plucking method,
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which is developed in different ways for some studies (e.g. Agreil and Meuret, 2004;
Bonnet et al., 2011; Wallis de Vries, 1995) but in outline consists of a collect manually
of the plant material simulating the bite mass. New technologies and advances in
analytical methods have sought to increase research capacity in collecting data on the
herbage intake by grazing animals (Carvalho et. al., 2009), among them the bioacustic
appears as a promising method. Therefore, this study aimed to i) compare methods to
measure the bite mass in grazing condition and ii) to estimate the BM from sound

variables of the bites.

Materials and methods

Animals and Procedures

All procedures involving animals were approved by the Institutional Animal
Care and Use Committee of Federal University of Rio Grande do Sul and were
conducted in accordance with the Guide for the Care and Use of Agricultural Animals

in Agricultural Research and Teaching (FASS, 2010).

Experimental site, animals and treatments

The experiment was carried out at experimental station of Federal University of
Rio Grande do Sul (EEA-UFRGS). Each forage species was planted in 84 boxes
(microswards) each measuring 0.6 m X 0.4 m, 64 of these were used for the grazing
sessions and the remaining were used to train the animals. Lolium multiflorum swards
were sown on June 2012, with a sowing density of 30 kg/ha. At sowing, the boxes were
fertilized with 20 kg/ha of N and 100 kg/ha of P205 and K20 followed by 200 kg/ha of
N 20 d later. Cynodon dactylon swards were planted on November 2013 with,

approximately 8 seedlings per box. All grazing sessions (described below) were
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performed in the afternoon in both experiments.

Four Angus x Brahman beef heifers (60 + 2 month old, 395 + 6.7 kg BW) were
used. Thirty days before the experimental procedure, heifers and evaluators were trained
to the experimental protocol with the remaining microswards, with the same sward
surface height (SSH) of the experiment. Heifers were not fasted before the grazing
sessions, because this may increase intake rates (Gregorini et al., 2009a).

The treatments consisted of two forage species and four levels of sward surface
heights (i.e: experiment 1. Lolium multiflorum 6, 12 18 and 24cm, experiment 2:
Cynodon dactylon, 12, 19, 26 and 33cm). To insure that the structure was properly, each
forage species in the microsward was cut at 50% of the SSH, always that reached the
SSH pre-set for each treatment.

The treatments were randomly applied in a 4 x 4 Latin square design, with four
tratments of SSH for each forage specie and four animals, each latin square was
replicated four times. The animals were observed in random order, and the sequence of
treatments was randomized within animal with the restriction that each animal received

a different sequence.

Sward measurements

A sward stick was used to determine the SSH, 10 points were measured per
microsward in each grazing session. To determine the herbage mass two samples were
cut and divided into top 50% and a bottom 50% of the SSH, in two microswards in each
treatment, using a quadrat of 0.01 m?.

All herbage samples were oven dried (55°C over a period of at least 72 h). A

digital scale (model Bel Mark 720, 0.001 g of division) was used to weigh the herbage
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samples.

Grazing sessions

At the morning before the grazing sessions were performed, the animal remained
in a paddock with the same forage species used in each experiment. Before the grazing
sessions for C. dactylon microswards heifers were fitted with microphones and
recorders.

The microsward, used in the grazing session, was placed on the floor, so that the
soil surface was approximately 15 cm above the level at which the animals were
standing. The microsward was offered to each animal and remained until he started to
take bites in the second grazing horizon, and each bite was described according to a type
predefined, these types consisting in a code which were used to estimate the bite mass

by the hand plucking method (described below).

Bite mass estimations

Double weight method

Immediately before and after each grazing session, the microsward used for
grazing was weighed to an accuracy of £ 5g with a weighing platform (model Bel Mark
KW, 60 kg of the capacity) in a windproof area to measure the herbage dry matter
intake (DMI).

The average bite mass (BM) from the microswards weights was calculated based
on the number of bites taken in each grazing session and on the corrected weight change
of the grazing session in microswards. The herbage DMI was corrected for the herbage

dry matter (DM) content in both experiments. The DM content was estimated by the
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samples used to determine bite mass of hand plucking method (described below), and
the weighted average was used according to the bite types taken in each grazing session.

A control microsward of the same species of the grazing session was weighed
directly before and after each grazing session to correct for evapotranspiration losses
during the grazing session.

Bite dimensions method

To BM calculated, there was considered that BM is product of bite area (BA),
bite depth (BD), and bulk density (BkD) of the grazed stratum:

BM = BA * (SSH/2) * BKD (eq. 1)

Where: BA is bite area (cm?), SSH represents the Sward Surface Height (cm)
and BKD is the bulk density of the top half (g/m?®).

Bite depth (SSH/2) was considered as half of SSH (Cangiano et al. 2002). Bulk
density of the top half herbage mass (BkD; g/m®) was measured by cutting the herbage
in quadrats with 0.01m?in two microswards by treatment.

Empirical components requires fitted parameters, but reflect well-established
conceptual models of the grazing process and energy use in ruminants. Bite area (cm?)
was estimated with an empirical model that includes effects of SSH and bulk density
(Baumont et al. 2004):

BA=2* (DA) "2 * (1 +50/SSH) ~ (-1) * Exp (-0.3 * (BKD - 1)) (eq. 2)
where: DA is the animal’s dental arcade breadth, considered to have an allometric
relationship with BA (lllius and Gordon 1987). SSH represents the sward surface height
(cm) with an asymptote positive function (Laca et al. 1992), and BKD is the bulk
density of the top half herbage mass (g.m™) with an exponential negative effect (Laca et

al. 1992).
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Hand plucking method

Was developed a specific coding grids for each specie of sward, to help the
observer to categorize bites with regard to its mass. Prior to data collection, the observer
was trained for 2 d with each species. Training consisted of first recognizing the bites
and classifying them according to the coding grids, and then, collect bite mass, by hand

plucking, according to each bite type identified.

Sounds measurements for Cynodon dactylon microswards

Grazing sounds were captured on the system consisted of a digital recorder
(Edirol R-09 24-bit recorder, Program Version 1.20, Roland Corporation), and a omni-
directional lavalier microphone (Leson ML-70s), that was allocated in the animal

forehead, accommodated in a involucre of expanded polystyrene.

Sound data were recorded onto a 2GB SD memory card (Sandisk Extreme Il
SDHC Card Sandisk Corporation) in the Edirol R-09. All recordings were made at 44.1
kHz sampling rate and 16-bit resolution, providing a nominal 20 kHz recording band,
width and 96 dB dynamic range, and stored in the WAV (Waveform Audio) file format.
Prior to each recording session, the recorder input level; sampling rate and bit resolution

were set; the recorders were secured inside the plastic enclosure.

Statistical analysis
Sounds processing and analysis

Using the Audacity software for Mac (version 2.0.5,
http://audacity.sourceforge.net), the stereo files were reduced to monaural files by

extracting one channel. Records from different microphones were manually
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synchronized and labelled. Sounds were simultaneously segmented and classified "by
hand" using the software Audacity. Starting and ending times were recorded for each
bite event. A list of events with columns for event order, starting time and ending time
was created for each grazing session. A database with all events (bites) and their
corresponding sound records and characteristics were created. Sounds were formatted
for the “seewave” package (Sueur et al., 2008) and imported into R (R core team, 2014).
An R program on seewave was created to read, cut and measure the integral of the

envelope, and the relative power in each of 44 frequency bands for each event.

General analysis

The effects of the SSH HM, actual SSH and the BKD of the superior strata were
tested using analysis of variance and significant differences between the means were
carried out by using the Tukey test at 5% probability.

The relationship of the three methods to estimate the BM and the SSH, was
tested by the linear regressions (yij=a + bx + €ij) regressions, where: “yij ” is the
dependent variable (BM), “a” is the intercept, “b” is the linear coefficient, “x” is the
independent variable and “€ij” represent the experimental error. The maximum
LogWorth (Logl10 (P value) defined the optimal model. We also performed a decision
tree model — hierarchical segmentation of data — to define the principal acoustics
variables to predict bite mass for each of the three methods used to estimate the BM. All
analyses, besides the sounds variables, were performed using JMP software (version 11;

SAS Institute Inc., Cary, NC, USA).

Results
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The sward characteristics in both forage species used are presented in Table 1.
HM increased with SSH at both species. BKD of the top stratum was different between
L. multiflorum and C. dactylon. Whereas for L. multiflorum BKD decreased with

increasing SSH, in C. dactylon it increased with the SSH increasing.

Table 1. Sward characteristics of both forage species.

Lolium multiflorum

6 12 18 24 P
HM (KgDMha') 910.9b+222.7  1852.4ab+197.0 1868.7ab+201.4  2384.5a+252.5 0.0004
SSH (cm) 7.43d+0.18 12.35c+0.16 17.67b+0.16 24.18a+0.20 <0.0001

BKD Superior 2231.0a£157.2  1735.6b+139.0 1312.4b+142.2 988.7b+178.2

Strata (g.m°) <0.0001
Cynodon dactylon
12 19 26 33
HM (Kg.DM.ha‘l) 1990.9d+506.6  6127.3c+506.6 10843.8b+475.8  15004.7a+506.6 <0.0001
SSH (cm) 7.9d+0.75 14.3¢c+0.75 20.4b%0.71 29.1a+0.75 <0.0001
BkD of Superior ~ 1182.7b+209.1  3080.4a+209.1 3458.3a+196.5 3778.4a+209.1 <0.0001

Strata (g.m°)

The means values of BM obtained by the three different methods are presented
in Table 2. We observe that heifers harvested larger bites in C. dactylon than in L.

multiflorum swards.

Table 2. Average and variances of BM obtained by three methods.

Lolium multiflorum

6 12 18 24 P

Double Weight method (g. DM.bite'l) 1.20+0.092 1.60+0.090 1.96+0.092 2.37+0.115 <0.0001
Calculated method (g. DM.min™) 0.69+0.074  1.2840.065 1.70+0.067 2.13+0.084 <0.0001
Hand plucking method (g. DM. bite )  0.29£0.067  0.57+0.059  0.78+0.061  0.68+0.076  <0.0001

Cynodon dactylon

12 19 26 33

Double Weight method (g.DM. bite T)  1.28+0.151  1.88+0.151  2.14+0.142 2.31#0.151 <0.0001
Calculated method (g. DM. bite %) 0.48+0.125 1.77+0.125 2.92+0.118 4.45+0.125 <0.0001
Hand plucking method (g.DM. bite *)  0.15+0.023  0.52+0.024  0.78+0.022  1.06+0.023  <0.0001

Double weight method



32

BM weighted (g.DM.bite)

BM weighted (g.DM.bite)

5 10 15 20
SSH (cm)

Calculated method

- N
” N &}
1 1 1

BM calculated (g.DM.bite)
n

0.5+

25

T
30 0 5 10 15 20 25 30 35 40

SSH (cm)

BM calculated (g.DM.bite)
w
1

5 10 15 20
SSH (cm)

Hand Plucking method

BM hand plucking (g.DM.bite)

T
30 0 5 10 15 20 25 30 35 40

SSH (cm)

BM hand plucking (g.DM.bite)

SSH (cm)

SSH (cm)

Figure 1. Relationship between average bite mass measured obtained by three methods
on both forage species (Lolium multiflorum (o) — double weight method - y = 0.83 +
0.049x; P<0.0001; R?=0.35; RMSE=0.429; calculated method - y = 0.092 + 0.083Xx;
P<0.0001; R*=0.79; RMSE=0.268 and hand plucking method - y = 0.122 + 0.02x;
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P<0.0001; R*=0.70; RMSE=0.095. Cynodon dactylon (e) double weight method - y =
1.01+ 0.05x; P<0.0001; R?*=0.33; RMSE=0.603; calculated method - y = -0.87 + 0.18x;
P<0.0001; R*=0.98; RMSE=0.211 and hand plucking method - y = -0.03 + 0.04x;

P<0.0001; R?*=0.77; RMSE=0.169).

The BM obtained by the three methods presented a linear relationship with each
other (Figure 2). However, there are some points in the L. multiflorum swards
(treatment 12cm and 18cm), all in the same day, for which bite mass was much smaller
in the hand plucking than other methods. This fact may be attributed to the low DM

proportion in the sward on this day, because this was the first grazing session since the

sward was sown.
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Figure 2. Relationship between average bite mass measured by microswards weights,

hand plucking and calculated method (L. multiflorum (o) and C. dactylon (e)).



34

In Figure 3 we observe that is possible to estimate the BM from sound variables
in C. dactylon. We compared the three methods used in this work to estimate the BM,
and all of these methods showed a possible estimation of BM from sound variables for

C. dactylon swards.
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Figure 3: Actual values from the three methods used to estimate the BM versus
predicted values from the sound variables in C. dactylon swards. Calculated method -
R? 0.74; RMSE: 0.796; AlCc: 1282.7; N: 462. Double weight method - R* 0.71;
RMSE: 0.781; AlCc: 1260.28; N: 462. Hand plucking method - R% 0.77; RMSE: 0.176;
AlCc: -111.47; N: 461.

Discussion

The values of BM found in this work, measured by double weight and calculated
methods, were higher than other values of BM found in the literature. Fonseca et al.
(2013) found a BM of 1.4 g DM on Sorghum bicolor swards grazed by the same heifers
of this work, when they were 24+2month old and 306+56.7 kg of BW. Mezzalira et al.
(2014), in turn, found a BM of 1.5 in Avena sativa swards grazed by the same heifers
when it 45+2 months old and 349+20 kg live weight. The variables determining BM are
bite depth, bite area and bulk density of the grazed stratum (Laca et al., 1992). As the

bite area is less sensitive to changes in sward structure, the high values of BM observed,
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mainly on C. dactylon swards (Table 2) may be attributed to the high BKD on the
superior strata in this species (Table 1). The increase of BKD observed when SSH was
increased may be due to plants age, because, C. dactylon swards were implanted just
four months. before the grazing tests, thus, on the stage of grazing tests were performed
the plants were in stage of filling the space of the microswards, which provide the BKD
increasing with SSH.

According to Figure 1, BM is highly related with SSH for both C. dactylon and
L. multiflorum swards. We hypothesized that BM would be an asymptotic function of
SSH. However, the results showed that linear relationships were adequate. This may be
a result of the fact that SSH relative to animal BW was not sufficient to "saturate” the
ability of heifers to harvest this forage. The structure of microswards presented high
BkD, and, given that the plants were young and in early vegetative stages, this BkD was
basically composed of leaves. It is known that animal prefer swards with large
proportion of leaf and high BKD, because it enables greater ideal SSH que BM
(Gregorini et al, 2009b;. Gregorini, 2012). Therefore, due to this optimal structure
animals were able to take large BM with high SSH.

Considering the linear relation between all methods of estimation of BM (Figure
2), is possible to obtain a good estimation of BM by any method, and the choice of the

ideal method depends of the protocol conditions.

Double weight method
The double weighing method is difficult to be adopted in several circumstances.
This method can be used in experiments with microswards, however it is difficult to

adopt in a free-grazing circumstances. The construction of microswards requires
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intensive labor, moreover, this technique requires some form of anchoring the plants if
they are not to be uprooted (Orr et al., 2005). Alternatively, as in the case of the present
work, the roots of plants may be allowed to penetrate an under-layer of growing
medium, but this would require time. However this technique would have a low
requirement for seeds, which may be in short supply early in a forage breeding program
(Beerepoot & Agnew, 1997).

The double weight method also requires a high accuracy scale. Furthermore, it
is necessary accuracy in the DM samples, as well, the accuracy in a weighing of the
microswards, avoiding the occurrence of material losses between the double weights,
because it can produce error in BM estimation. In this work, we found higher BM
values in the double weight method, which can be explained, besides of the high BKD
described above, by the high dry matter values, which could be produced by errors in
weighing the green samples, or inaccurate scales, or may have occurred by loss of
material not harvested by the animal between the first and the second weight of the

microswards.

Calculated method

The BM calculated by the formula from Baumont et al. (2004), is product of:
bite area, bite depth, and bulk density of the grazed stratum (50% of the SSH). This
formula is considered a good estimator, however, this method requires the knowledge of
some swards characteristics. According to Table 2, this formula has a tendency to
overestimate BM for tall swards and underestimate for short swards, these were also
observed by Baumont et al. (2004). This method can be used in many field conditions,

however, it will always be an estimation, but it can be used if the researcher knows the
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swards characteristics with enough reliability. Some animal characteristics, such as bite

area and bite depth, can be measured to make this method more reliable.

Hand plucking method

According to the results, it is possible to estimate the BM visually. However,
BM estimated by the hand plucking method was smaller than observed in both double
weight and calculated methods (Figure 1). This “underestimation” by hand plucking
method may be attributed to the small, although, proportional samples by evaluator.
Thus, this method could be improved, if the evaluator was more trained to gather greater
samples in each bite type by hand. Some studies have often criticized hand plucking as
a method of herbage intake estimation, suggesting that is subjective method (e.g.,
Gordon, 1995; Forbes, 2006). However, other studies (e.g., Bonnet et al., 2011, Wallis
de Vries, 1995) suggest that this method is efficient to estimate the BM accurately.
According to Bonnet et al. (2011), those concerns can be dismissed with observer
training. These authors suggest that training of the observer is the most important
variable influencing the hand plucking method to estimate the BM accurately. This
method can be used in many protocols, however, as described above, is necessary to use
observers trained and able to identify BM accurately. Besides the observers, the animal
must be familiar with the presence of the observer; otherwise, the human presence can
interfere in the animal behaviour.

Combining hand plucking with automated recording methods may produce a
good data set and, consequently, can be very useful to understanding the grazing
strategies (Bonnet et al., 2011). Thus, the hand plucking method combined with

bioacustic method, which was tested in this work (described below), may be a good way
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to improve the research in ingestive behavior area.

Estimated BM from sound variables in C. dactylon microswards

Among recent innovations in the estimation of herbage intake, the bioacoustics
has been proposed because it is a non-invasive, low cost and allows identification of the
the animal’s behaviors continuously without affecting the animal behavior. This method
had been proposed by a significant number of publications (e.g. Laca Wallis & DeVries,
2000; Milone et al, 2009; Clapham et al, 2011; Galli et al, 2011; Trindade et al., 2011;
Nadin et al, 2012). According to Figure 3, is possible to estimate the BM using the
bioacustic in C. dactylon microswards; this result agrees with previous works (i.e. Galli
et al, 2011; Laca & Wallis De Vries, 2000) which suggest that is possible to estimate
the herbage intake using the acoustics characteristics. The advantage of this method is
the possibility of use in many protocol conditions. Microphones can be placed in animal
in free grazing condition, and the chance to estimate the herbage intake along the
ingestive behavior is a good advance for research in grazing management, among the

other areas of animal science.

Conclusion

The relationship between BM and SSH is linear within the SSHs studied. All
methods to estimate the BM can be used in a particularly condition, although, the BM
estimated from the bite types is smaller, when it is compared to the bite masses
measured and calculated. The BM can be estimated by sound variables, i.e. bioacustic;

however, it needs improvement to estimate BM and herbage intake in grazing condition.
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Acoustic discrimination of cattle bite types with multiple microphones

Abstract: The understanding of the factors that affects the ingestive behavior of grazing
animals is very important to support research in animal science. This study aimed to
determine the effect of microphone position ingestive sounds by grazing cattle. The
main objective was to study the possibility of discriminating between bites and chew-
bites, as well as among bite types previously defined whose weights can be estimated by
hand-plucking. The experiment was carried out at the Experimental Station of
Agronomy School, Federal University of Rio Grande do Sul, using Cynodon dactylon
microswards. Four, Angus x Brahman, beef heifers (60 + 2 month old, 395 £ 6.7 kg BW)
were used. The treatments were four contrasting sward surface heights (SSH, 12, 19, 26
and 33cm), selected to create different structures and result in a ide range of bite mass.
In each grazing session, one animal was allowed to graze a microsward until it started
taking bites from the second grazing horizon. Each bite was observed from less than
XXX m and its type was recorded. Bite mass was estimated by the hand plucking method.
Grazing sounds were recorded with a digital recorder (Edirol R-09 24-bit recorder,
Program Version 1.20, Roland Corporation), and an omni-directional lavalier
microphone (Leson ML-70s), in WAV (Waveform Audio) file format. Three
microphones were place on the animal, one on the forehead, one by the mouth and one
on the back. Sounds were analysed using the “seewave” package in R, whereby a
measure of total sound energy (envelope integral) and the proportion of sound energy in
each of 44 frequency bands were calculated as predictors. Bite type was analysed by
discriminant analysis with all sound variables as potential predictors. There was no

diferences between sounds characteristics to discriminate the bite types, on the different
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positions of the microphones. However, the sound quality was better in forehead
position facilitating the analysis by listening. The sound characteriscs were efficient to
discriminate bite and chew bites, however the sound characteristics were no accurate
enough to discriminate this kind of bite types previously defined on this experiment.

Keywords: Bioacustic, Single bite, Chew-bites, Bite mass.

1. Introduction

The understanding of the factors that affect the ingestive behavior of the grazing
animals is very important to support the research in animal science as well as support
grazing management. Since Penning et al. (1984) which develop an original system to
recorder the ingestive behavior, several others systems have been developed. Brun et al.
(1984) developed a microcomputer-based system, which consisted in a small rubber
balloon placed at submandibular space and connected to a microphone. However, this
system only informed time spent eating and ruminating, with no information about the
number or types of jaw movements.

The initial development of bioacustic to study the ingestive behavior of domestic
herbivores, is reported by Matsui and Okubo (1991), these authors developed a system
based on a sensor connected to a digital recorder. This system gives the information
about the time spent eating and ruminating, total number of jaw movements during
these activities. However, this/that system did not allow discrimination between bites
and chews, consequently, could not be used to obtain reliable information about bite
mass. Luginbuhl et al. (1991), in other hand, developed a microcomputer-based
incorporated to a microphone, this system allowed to describe the number of bites, by

‘listening’ the sound (2600-3000 Hz).
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In the evolution of scientific research, Rutter et al. (1997) described other
system able to be used in ingestive behavior studies, which was called IGER Behaviour
Recorder. This system, developed by the IGER institute was widely used, for many
studies about ingestive behavior (e.g. Fonseca et al., 2013; Orr et al., 2004). The data
obtained by the IGER behavior recorder was analyzed by the Graze software, which
gave us the total time spent in grazing, rumination and idling, as well the total jaw
movements. The IGER system discriminated for the first time bites and chews.

These techniques were not wholly satisfactory, only some of that discriminates
jaw movements, like IGER behavior recorder, but not all the richness of bite features
was identified. For example, the the discrimination of compound jaw movements, just is
possible using the bioacoustic technique (Laca et al., 1992; Laca and Wallis De Vries,
2000; Ungar et al., 2006). Therefore, these methodology needs to be improved, in
aspects like: patterns of use, and analysis of the grazing sounds.

This study aimed to determine the microphone position effect on ingestive
sounds by grazing cattle. The main objective was to study the possibility to discriminate
bites and chew-bites in different positions, as well the capacity of the bioacustic to

discriminate previously defined bite types.

2. Materials and methods
2.1 Animals and Procedures

All procedures involving animals were approved by the Institutional Animal
Care and Use Committee of Federal University of Rio Grande do Sul and were
conducted in accordance with the Guide for the Care and Use of Agricultural Animals

in Agricultural Research and Teaching (FASS, 2010).
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2.2 Experimental site, animals, treatments and sward measurements

This study was carried out at the Agronomic Experimental Farm of the Federal
University of Rio Grande do Sul, Brazil. Grazing sessions were conducted with four
Angus x Brahman, beef heifers (60 £ 2 months old, 395 + 6.7 kg BW) and Cynodon
dactylon microswards. The Cynodon dactylon were planted in 84 boxes (microswards)
each measuring 0.6 m X 0.4 m, 64 of these was used to the grazing session and the
remaining was used to training the animals. The planting was done on November 2013,
with seedling density of 5t/ha, which is, approximately 8 seedlings per box. All grazing
sessions (described below) were performed in the afternoon in both experiments.

Thirty days before experiment, heifers and evaluators were trained to the
experimental protocol with the remaining microswards. The heifers grazed a paddock
containing Cynodon dactylon sward. Approximately 30 d before and during the
experimental period, the animals were familiarized with observers, recording equipment
and the experimental procedures, and remained in an adjacent paddock. Before each
grazing session, heifers were fitted with a halter and a saddle, where microphones were
attached in each position, described below.

To create different structures and different bite mass (BM) and consequently
trying to achieve distinct bite sounds, the treatments were four levels of sward surface
height (SSH) 12, 19, 26 and 33cm in Cynodon dactylon microsward. The treatments
were randomly applied in a 4 x 4 Latin square design, with four tratments of SSH and
four animals, each latin square was replicated four times, thus, each animal receveid a
designated sequence of four treatments at the afternoons. The animals were observed in
random order, and the sequence of treatments was randomized within animal with the

restriction that each animal received a different sequence.
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A sward stick was used to determine the sward surface height, were measured
10 points per microsward, pre- and post-grazing, in each grazing session. All herbage
samples were oven dried (55°C over a period of least 72 h). A digital scale (model Bel

Mark 720, 0.001 g of division) was used to measure the samples weights.

2.3 Grazing sessions

The four heifers remained grazing a free-grazing area of C. dactylon before the
observations began. At the time of start the grazing sessions, the designated heifer was
drawn from the group and the acoustic equipment was allocated at each position in the
animal (described below). The heifer was led calmly towards the centre of the first
microsward, so as to approach perpendicularly to the long axis of the patch. The
microsward, used in the grazing session, was placed on the floor so that the soil surface
was approximately 15 cm above the level at which the animals were standing. The
microsward was offered to each animal and remained until he started to take bites in the
second grazing horizon, and each bite was described according to a type predefined
(bite tyoes were described below). Bites were determined visually, by the evaluator
positioned to the side of the animal, and the bites were later checked against the listen

the sounds and video track, when necessary.

2.4 Bite mass estimations

Specific coding grids (bite types - ga2, me2, rep) was developed to help the
observer to categorize bites with regard to mass. These types were developed according
to visually the way that the animal take each bite, thereby, ga2 is a big BM, when the

animal used all the capacity of tongue to take the bite; me2 is smaller bite, when the
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animal do not used all the capacity of tongue to take the bite and rep is a bite when the
animal used the area opened by the previous bite to take another one.

Prior to data collection, the observer was trained for 2 d. Training consisting of
first recognizing the bites and classifying them according to the coding grids, and then,
collect bite mass, by “hand plucking”, according to each bite type identified in each

grazing session.

2.5 Sounds measurements

Grazing sounds were captured on the system consisted of a digital recorder
(Edirol R-09 24-bit recorder, Program Version 1.20, Roland Corporation), and an omni-
directional lavalier microphone (Leson ML-70s). Sound data was recorded onto a 2GB
SD memory card (Sandisk Extreme 111 SDHC Card Sandisk Corporation) in the Edirol
R-09. All recordings were made at 44.1 kHz sampling rate and 16-bit resolution,
providing a nominal 20 kHz recording band, width and 96 dB dynamic range, and
stored in the WAV (Waveform Audio) file format. Prior to each recording session, the
recorder input level; sampling rate and bit resolution were set; the recorders were
secured inside the plastic enclosure.

The microphones were allocated in three positions, namely:

Forehead: On this position the microphone was accommodated in an involucre
of polystyrene expanded and remained in direct contact with the forehead of animal. On
this position the sound was captured by animal bone and air.

Mouth: On this position the microphone was placed on the halter, such that the
microphone was 7-10cm near the mouth of the animal and capturing the bite sound

which travel by air.
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Back: On this position the microphone was placed in a saddle on the back of the
animal, such that the microphone was 80-100cm far from the mouth of the animal and

capturing the bite sound which travel by air.

2.6 Statistical analysis

Audacity software for Mac (version 2.0.5, http://audacity.sourceforge.net), The
stereo files was reduced to monaural files by extracting one channel. Records from
different microphones were manually synchronized and labelled. Sounds were
simultaneously segmented and classified "by hand” using the software Audacity.
Starting time, ending time and type was recorded for each event (b- bite; cb — chew-bite;
bite types: ga2, me2, rep). A list of events with columns for event order, type, starting
time and ending time was created for each grazing session. A database with all events
(bites) and their corresponding sound records and characteristics were created. Sounds
were formatted for the “seewave” package (Sueur et al., 2008) and imported into R (R
core team, 2014). An R program on seewave was created to read, cut and measure the
integral of the envelope, and the relative power in each of 40 frequency bands for each
event.

To separate bite types and to discriminate bites from chew bites, we performed
discriminant analysis based on the linear method. The effects of the SSH for BM, HM,
actual SSH were tested using analysis of variance and significant differences between
the means were carried out by using the Tukey test at 5% probability. All analyses,
besides the sounds variables, were performed using JMP software (version 11; SAS

Institute Inc., Cary, NC, USA).


http://audacity.sourceforge.net/
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3. Results

Different structures and bite masses were achieved by the gradient of SSH in C.

dactylon swards (Table 1).

Table 1. Herbage mass (HM), sward surface height (SSH) and bite mass (BM)

estimated by hand plucking method on C. dactylon microswards.

Treatments
12 19 26 33
Herbage mass (Kg.DM.ha-1) 1990.9d* 6127.3c 10843.8b 15004.7a
Actual SSH (cm) 7.9d 14.3c 20.4b 29.1a
Hand plucking BM (g.DM.min™) 0.15d 0.52c 0.78b 1.06a

*Means followed by the different letters differ significantly to the level of 5%
probability.

Figure 1 shows the average spectrograms for each bite type recorded by each
microfone position. As expected, the mouth position recorded greater proportion of the
sound energy in high frequencies, however, this did not result in a better ability to

discriminate bite types.

3.1 Chew bites discrimination

Table 2 presents the sound variables used to discriminate between bite and
chew-bites. The analysis is presented of two ways, at the first one was permitted the
analyses use the Bite length, and after this variables was excluded of analyses. these

variables selected by stepwise selection.
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Figure 1 Energy in each bite frequency, according to bite types (i.e: previously defined
on left and single or compound on right) in each position: Forehead; Mouth and Back,

in the top, meddle and bottom, respectively.
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Table 2. Variables included in each microphone position to Bites and Chew Bites

discrimination:

Bite length included Bite length excluded

Forehead Mouth Back Forehead Mouth Back
Bite length Bite length Bite length  freql freql freql
freq2 freql freql freq2 freq2 freqd
freq6 freq6 freg3 freg5 freq3 freq5
freq8 freql7 fregb freq7 freqb freq8
freqll freql8 freql2 freq10 freq6 freql2
freql5 freg21 freql8 freql4 freql4 freg20
freq20 freq23 freq25 freq21 freql7 freq25
freg21 freq37 freq38 freq32 freq24 freq30
freqd2 freqdl freqd4 freqdl freq37 freq4l

Envelope Envelope Envelope  Envelope Envelope freq44

On table 3 and Fig. 2 are presented the numbers of bites and chew-bites and the
canonical plot, in which were identified visually and separate according to sound
variables by discriminant analysis. The misclassified proportion was 8.1; 9.16 and
8.32% to Forehead, Mouth and Back, respectively, when bite length is included. When
bite length is excluded of analyses the misclassified proportion was: 20.26, 24.09 and

21.54 to Forehead, Mouth and Back, respectively.

Table 3. Actual (Rows) by Predicted (Columns) to Bites (b) and Chew Bites (cb)
discrimination:

Bite length included Bite length excluded
Forehead Mouth Back Forehead Mouth Back
b cb b cb b cb b cb b cb b cb
b 218 13 208 23 206 25 185 46 169 62 157 74
cb 25 213 20 218 14 224 49 189 51 187 27 211

Bite length included



Canonical2

Canonical2

T T T T T
-4 -2 0 2
Canonical1

| T | T | T
-6 -4 -2 0
Canonical1

57



58

Canonical2

-4

Bite length excluded

Canonical2

6

T T
-2
Canonical1

-2

4

-5

T
-1 0
Canonical




59

Canonical2

Canonical2

-6 T T T T T T T
-2 0 2 4 6
Canonical1
Figure 2. Canonical plot of single and compound discrimination for Cynodon dactylon

microswards grazed by beef heifers, with bite length included and excluded in

Forehead, Mouth and Back repectively (bites — red; and chew bites — blue).
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3.2 Bite type discrimination:

On Table 4 is presented the sound variables used to discriminate between bite

types, which were previously defined.

Table 4. Variables included in each microphone position to Bite types discrimination.

Forehead
Bite length
fregb
freq7
freq8
freql6
freq22
freq36
freq40
Envelope
SSH

Mouth
Bite length
freql
Freg8
Freql0
Freql6
Freql7
Freg2l
freq34
Envelope
SSH

Back
Bite length
freq2
freql9
Freq29
freq33
freqd2
freq43
freqd4
Envelope
SSH

The values of BM are presented on Table 5, according each bite type previously

defined, and the SSH treatments. The BM differ significantly with the SSH and with

bite types.

Table 5. Bite mass in each SSH and each bite type for C. dactylon sward

Bite type

12
ga2 0.93Da*
me2 0.73Db
rep 0.81Dc

SSH
19 26 33
1.45Ca 1.65Ba 1.92Aa
1.02Cb 1.27Bb 1.52Ab
1.06Cb 1.15Bc 1.23Ac

*Means followed by the same lower case letters in a column and
capital letters on the lines do not differ significantly to the level of

5% probability.

On Table 6 and Fig. 3 are presented the numbers and graphic representation of

each bite type, which were identified visually and separate according to sound variables

by discriminant analysis. The misclassified proportion to discriminate the bite types
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previously defined were: 38.9, 39.1 and 37.4% to forehead, mouth and back,

respectively.

Table 6. Actual (Rows) by Predicted (Columns) to Bite types discrimination

Canonical2

Canonical2

Forehead

ga2 me2 rep
ga2 73 24 25
me2 30 61 34
rep 35 32 148

Mouth

ga2 me2 rep

75
23
35

24 23
68 33
42 138

freqd

Canonical1

ga2
67
23
18

Back
me2 rep
30 24
62 39
38 159



62

Canonical2

T T T T T T T T
-3 -2 -1 0 1 2 3 4 5 6
Canonical1

Figure 3. Canonical plot of bite types discrimination for Cynodon dactylon microswards
grazed by beef heifers, in Forehead, Mouth and Back repectively (Bite types: Ga2 — red;
me2 — green; rep — blue).

4. Discussion

Ingestive behaviour reflects the integration of the abundance and quality of the
grazing environment with the animal’s choices, which is important to support grazing
management. There are many techniques to evaluate ingestive behaviour, such as
Ethosys, IGER behaviour recorders, APEC and recently bioacustics, which is presented
in this paper. Sounds records contain a lot of information which can be gathered in a
way that does not interfere with grazing behavior and that may lend itself to automated
analysis (Laca & Wallis De Vries, 2000). Furthermore, acoustics characteristics allows
accurate counts of chew and bite events (Laca & Wallis De Vries, 2000; Galli et al.,
2006; 2011; Clapham et al., 2011). Therefore, this paper present ways to standardize the
bioacustic methodology. We intend in this work to show the possibility to discriminate
single bites and chew bites as well as bites types previously defined and identified, in

Cynodon dactylon microswards grazed by beef heifers by using information contained
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in the sounds of grazing.

Several previous studies have shown the possibility to identify grazing events
based on sounds characteristics (e.g. Laca & Wallis De Vries, 2000; Galli et al., 2006;
2011; Clapham et al., 2011). Various microphone positions have been used. In some
studies the microphone is located in the forehead of the animal (Galli et al., 2006, 2011)
where bite sounds recorded are transmitted through the air and the animal’s bone. On
the other hand, in some studies the microphone is located near the mouth (Clapham et
al., 2011); in this case, sounds recorded are transmitted mostly through the air. This
poses the question of whether one postion is better than the other. According to Laca &
Wallis De Vries (2000), the use of a single microphone may results in a recording with
a variety of sounds unrelated to the chewing and biting of forage that hinder
interpretation.

According to the results, there are no diferences in frequency characteristics
according to microphone position and the possibility of classification of bite types (Both
for: bite and chew bites, as previously defined bite types). Therefore, it was easy to
discriminate bites and chew-bite by listening the sounds of the microphone positioned
on the animals forehead. On mouth position there are more wealth details in bite
energy, at the median frequencies which can help on automated bite recognition (Figure

1),

4.1 Chew-bites discrimination
An important advantage of the acoustic method is that in addition to measure
number of bites and chews, this method allows to discriminate the compound jaw

movements (chew-bites) (Galli et al., 2011). The ‘‘chew-bites’’ happen when the
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herbage already in the mouth is chewed as the jaws close to grip and sever fresh
herbage. This phenomenon was reported for several animal species, such as: Girafes
(Ginnett and Demment, 1995 ), sheep (Rutter et al., 2002) and heifers (Ungar et al,
2006, laca et al., 1994). Chew-bites allow the animals to reduce the total number of jaw
movements per bite without reducing the number of chews per bite (Galli et al, 2011).
Thereby, to know the proportion of chew-bites in behaviour studies is necessary to
make consistentes conclusions and improve the undertanding of plant-animal
relationship.

According to the results, is possible to discriminate between bites and chews-
bites. The bite length is the most importante variable that determine this discrimination
(Table 3). The differences in bite length between bites and chew-bites are clearly
shown, visually, on the spectrogram (Fig. 4). Using the bite length the misclasified
proportion on discriminant analysis was 8.102%, 9.16% and 8.32% in Forehead, Mouth
and Back respectively, while when bite length was excluded of analysis, the proportion

goes to 20.26%, 24,09% and 21.54% in Forehead, Mouth and Back repectively.

(@) (b)

Fig. 4. Representative figure of compound bite (chew-bite) (a) and single bite

(b) for Cynodon dactylon microswards grazed by beef heifers.

4.2 Bite types discrimination
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Discriminate different types of jaw movements is important in order to
estimate bite mass accurately (Rutter et al., 1997). However, according to results of the
present study, the bite types identified and determined visually by the evaluators, was
not discriminate by the sounds variables (Table 6). Probably, there is no high accuracy
in sounds characteristics to discriminate the previously determined bite types. This may
be is due to the small difference in bite mass, and in grazed structure between these bite

types (Table 5).

5. Implications

There are no diferences between sound characteristics in different positions of
microphone. However, to identify events by listening the bites sound was easier in the
forehead position. The sound characteristics were efficient to discriminate between bite
and chew bites, however this afirmation is not true to discriminate the others bite types
proposed on this paper.

Ultimately, we can state that bioacustic had richness of information, and can be
used to discriminate bite events, as well, some bite types, single or compound, however
IS necessary improve the research in this area. This improvement must be in order to get
more information about acoustics characteristics, and these informations must be in an
automated form. In other words, the research in bioacustic for ingestive behaviour,

urgently need an automated way to analyse the bites acoustic characteristics.
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4. CAPITULO IV

4.1 Consideracdes finais
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4.1 CONSIDERACOES FINAIS

4.1.1 Perspectivas futuras de curto prazo

Como j& é de conhecimento dos pesquisadores que trabalham na
area de producao animal, e como foi descrito no decorrer deste trabalho, um
dos principais gargalos na pesquisa cientifica € a medicdo do consumo de
forragem pelos animais a pasto. Esta variavel é de fundamental importancia na
grande maioria das pesquisas realizadas. E embora haja varios avancos em
diversas metodologias, como uso de marcadores, hand plucking, etc, ainda n&o
h& um consenso de qual a melhor meotologia que proporcione uma avaliacdo
mais precisa.

Neste contexto, o método acustico tem se mostrado um método
promissor para analisar o comportamento ingestivo, e como demonstrado neste
trabalho e em outros citados no decorrer do mesmo, tém a possibilidade de
estimar o nivel de ingestdo de forragem por ruminantes domesticos.

No capitulo Il desta tese, foram abordadas metodologias de estimar
a massa do bocado. Dentre todas as metodologias avaliadas pode-se afirmar
que, dependendo de cada protocolo e objetivo de estudo elas podem ser
utilizadas. Por fim, neste mesmo capitulo abordou-se o uso da bioacustica
como uma metodologia emergente para este fim, e constatou-se que “sim” ha
grandes possibilidades de esta vir a ser uma metodologia a ser amplamente
utilizada.

Entre os entraves para a plena adoc¢ao da bioacustica, no entanto, a
automatizacao as anaises dos eventos ainda e o principal deles. A identificacédo
automatica de eventos acusticos pode exigir extenso estudo preliminar para
estabelecer modelos para processos de reconhecimento, analise acustica
detalhadas e métodos computacionais complexos (Sueur et al. 2008) e isto € 0
que se pretende fazer na sequencia do presente trabalho.

Neste trabalho foi verificado que é possivel identificar visualmente
onde ficam os bocados e através de suas caracteristicas sonoras, analisadas
apos esta identificacdo, demostram que ha diferencas acusticas entre bocados
de um “tipo” ou de outro, e que de acordo com outros trabalhos pode-se diferir,
inclusive, as caracteristicas de bocados de diferentes massa.

No capitulo Ill desta tese, foi demostrado que a variaveis acusticas
sdo capazes de discriminar tipos de bocados. Esta diferenciacdo estd mais
evidente entre bocados simples e compostos, e nédo tao evidente e precisa para
tipos de bocados previamente definidos. Esta falta de acuracea na distingao
pode ser por falta de softwares adequados para este fim, 0 que ndo permitiu a
exploracdo de todas as caracteristicas que se vislumbra com os dados
acusticos.

Durante a realizagdo do periodo de doutorado sanduiche da autora
foi realizado alguns avangos na automatizacdo das analises de eventos, no
entanto este avanco, apesar de ser importante ainda ndo é o suficiente para
fornecer uma perspectiva mais concreta de andlise automatizada. E esta
automatizacdo exige, ainda, muitos meses de trabalho de programacdo no
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software statistico R com o pacote seewave. Esta fase, inclusive, esta prevista
para acontecer no periodo de pos doutorado da autora. Espera-se que em
poucos anos tenhamos esta metodologia com um protocolo de uso e analises
estabelecidos, testados e prontos para serem utilizados nas pesquisas de
comportamento ingestivo e consumo por animais em pastejo.

4.1.2 Possibilidades futuras de longo prazo

A perspectiva futura de longo prazo com a bioacustica, é que esta
técnica permita o avanco na chamada “Pecuaria de precisdo”, Quando falamos
de “Agricultura de Precisdo” logo se imagina a busca pela padronizacdo da
area, no intuito de eliminar a heterogeneidade, trabalhando com maquinarios
que fazem adubac0es, irrigacdes, dentre outras técnicas de manejo visando
homogeneizar a 4rea em questdo. No caso da pecuéria, no entanto, o objetivo
deve ser outro, ou seja, a légica reside na questdo de que o manejador deve
conhecer os processos envolvidos no pastejo, e aprender com estes processos,
para criar ambientes favoraveis ao pastejo pelos animais (Carvalho et al., 2009).

Nesta oOtica, pode surgir o questionamento: Onde a bioacustica entra
neste contexto? Ela entra, primeiramente, no entendimento dos processos.
Como descrito no decorrer deste trabalho, a bioacustica €& altamente
promissora como metodologia de avaliagdo do comportamento ingestivo dos
animais em pastejo. Quando o manejador compreende o0 comportamento
animal, e entende o porqué de cada decisdo tomada ou nao pelo animal, ele
se torna capaz de inferir sobre ambientes pastoris adequados e maneja-los
adequadamente.

Além do monitoramente do comportamento ingestivo, a bioacustica é
uma ferramenta altamente promissora a longo prazo. Esta ferramente pode ser
utilizada como uma ferramenta de campo, onde pode ser possivel conhecer
como, onde, quanto e 0 qué os animais estdo consumindo, e isto pode auxiliar
em decisdes praticas de manejo, como: mudancas de piquetes, suplementacao,
etc. Além disso, esta técnica pode ser vislumbrada associada ao
monitoramento remoto, com 0 mesmo objetivo, facilitando ainda mais a acao
do manejador.

4.1.3 Contextualizacao do trabalho e perspectivas do GPEP na sequéncia
da bioacustica

O primeiro contato do GPEP (Grupo de Pesquisa Ecologia do
pastejo) com a técnica da bioacustica aconteceu no International Symposium
on the Nutrition of Herbivores no Texas. Varios desenvolvimentos ocorreram
até que primeira tese de doutorado com bioacustica no GPEP fosse defendida
por Dr. Julio Kuhn Da Trindade, onde se obteve registros sonoros com a
utilizacdo de gravadores digitais de voz simples em diferentes protocolos
experimentais. As conclusfes desta primeira tese permitiram confirmar a
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possibilidade de uso da bioacustica para quantificar o tempo diario das
atividades de pastejo e ruminacdo, uma vez que possuem padrdes de registros
sonoros bastante distintos e facilmente discriminados em softwares de audio
(Da Trindade et al., 2011).

Portanto a presente tese € a segunda na area da bioacustica
desenvolvida pelo GPEP. Neste trabalho, como descrito nos materiais e
meétodos dos artigos, foram adotados o uso de gravadores e microfones que
captam e registram o som em ampla frequéncia (0-22kHz) e que os armazena
no formato WAV, o que de acordo com Clapham et al., 2011 ira facilitar a
diferenciacdo automatica de movimentos mandibulares. Na sequéncia da
presente tese o0 GPEP pretende, por meio de projetos que ja estdo aprovados
pelo CNPg e envolvem a utilizacdo dos dos dados obtidos nesta tese, dar
sequencia no desenvolvimento da automatizacdo da bioacustica pelo pacote
seewave do software R.
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OR: http://www.blackwellpublishing.com/pdf/Word template for GRS v17 E
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7684.
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numbered lines. Please use only standard fonts, such as Times, Times New
Roman, or Arial for text; in particular, please do not use Japanese or other
Asian fonts. Do not use automated or manual hyphenation. Figures should be
uploaded as separate files whereas tables should be included in the manuscript
file.

STYLE OF THE MANUSCRIPT
Spelling: The Journal uses US spelling and authors should therefore follow the
latest edition of the Merriam-Webster’s Collegiate Dictionary.

Units: All measurements must be given in Sl or Sl-derived units.

Abbreviations: Abbreviations should be used sparingly — only where they ease
the reader’s task by reducing repetition of long, technical terms. Initially use the
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abbreviation only.
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Scientific names: Upon its first use in the title, abstract and text, the common
name of a species should be followed by the scientific name (genus, species
and authority) in parentheses. However, for well-known species, the scientific
name may be omitted from the article title. If no common name exists in
English, the scientific name should be used only.

PARTS OF THE MANUSCRIPT

The length of an article (including references, tables and appendices) should
not exceed 6 pages for research papers, 3 pages for short reports and 12
pages for review papers.

Manuscripts should be presented in the following order: (i) title page, (ii)
abstract and key words, (iii) text, (iv) acknowledgments, (v) references, (vi)
appendices, (vii) figure legends, (viii) tables (each table complete with title and
footnotes) and (ix) figures. Footnotes to the text are not allowed and any such
material should be incorporated into the text as parenthetical matter.

Title page

The title page should contain (i) the title of the paper, (ii) the full names of the
authors and (iii) the addresses of the institutions at which the work was carried
out together with (iv) the full postal and email address, plus facsimile and
telephone numbers, of the author to whom correspondence about the
manuscript should be sent. The present address of any author, if different from
that where the work was carried out, should be supplied in a footnote.

The title should be short and informative. Do not use abbreviations in the title. A
short running title (less than 40 characters) should also be provided.

Abstract and key words

All articles must have a brief unstructured abstract that states in 200-300 words
(100-150 words for short report) or fewer the purpose, basic procedures, main
findings and principal conclusions of the study. The abstract should not contain
abbreviations or references.

Five or fewer key words (three or fewer for short report) should be supplied (for
the purposes of indexing) below the abstract in alphabetical order.

Text

Authors should use the following subheadings to divide the sections of their
manuscript: Introduction, Materials and Methods, Results and Discussion.
Statistics

Whenever possible, researchers should consult a statistician before designing
an experiment and when analyzing results to avoid inappropriate descriptions.
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Describe statistical methods with enough detail to enable the reader to verify
the reported results. Indicate the computer program used, if any.
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cit. Reference to unpublished data and personal communications should not
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data). All citations mentioned in the text, tables or figures must be listed in the
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Appendices

These should be placed at the end of the paper, numbered in Roman numerals
and referred to in the text. If written by a person other than the author of the
main text, the writer’'s name should be included below the title.

Tables

Tables should be self-contained and complement, but not duplicate, information
contained in the text. Number tables consecutively in the text in Arabic
numerals. Type tables on a separate sheet with the legend above. Legends
should be concise but comprehensive — the table, legend and footnotes must be
understandable without reference to the text. Vertical lines should not be used
to separate columns. Column headings should be brief, with units of
measurement in parentheses; all abbreviations must be defined in footnotes.
Footnote symbols: 1, 1, §, [, should be used (in that order) and *, **, *** should
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Figures

All illustrations (line drawings and photographs) are classified as figures.
Figures should be cited in consecutive order in the text. Each figure page
should have name of author(s) and figure number in the bottom margin. Figures
should be sized to fit within the column (80.5mm), intermediate (110mm) or the
full text width (168mm).

Line figures should be supplied as sharp, black and white graphs or diagrams,
drawn professionally or with a computer graphics package. Lettering must be
included and should be sized to be no larger than the journal text. Individual
photographs forming a composite figure should be of equal contrast, to facilitate
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Magnifications should be indicated using a scale bar on the illustration.

If supplied electronically, graphics must be supplied as high resolution (at least
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Figure legends

Type figure legends on a separate sheet. Legends should be concise but
comprehensive — the figure and its legend must be understandable without
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Supporting Information

Supporting Information may be attended to the manuscript at the submission
stage. The material, the length of which is judged to be reasonable by the
Editor-in-Chief, will be considered acceptable. It should be clearly referred to in
other sections of the manuscript. Supporting Information will only be published
with the online version of the article. Material will be posted online as is supplied
by the author. There is no editing or proofreading during the production process.
Wiley-Blackwell will not be responsible for the contents or functionality of any
supporting materials supplied by the author.

MANUSCRIPTS FOR SHORT REPORTS

Manuscripts for short papers should be organized basically in the same style as
a research paper. However, the arrangement of the main text (introduction,
materials and methods, results and discussion) need not necessarily follow that
for a research paper, as long as the essence of the study or observation is
properly described within the page allowance. The specific requirements for a
short report are as follows:

- The abstract should be in 100-150 words or fewer.

- Three or fewer key words should be supplied.

- The length of an article (including references, tables and appendices) should
not exceed 3 pages.

WORD PROCESSING

« Do not use the carriage return (enter) at the end of lines within a paragraph.

o Turn the hyphenation option off; include only those hyphens that are
essential to the meaning.

o Specify any special characters used to represent non-keyboard characters.

« Take care not to use | (ell) for 1 (one), O (capital o) for O (zero) or 3
(German esszett) for B (Greek beta).

o Use atab, not spaces, to separate data points in tables. If you use a table
editor function, ensure that each data point is contained within a unique cell
(i.e. do not use carriage returns within cells).

o Please note that Word 2007 is not yet compatible with journal production
systems. Unfortunately, the Journal cannot accept Microsoft Word 2007
documents until such time as a stable production version is released.
Please use Word’s ‘Save As’ option therefore to save your document as an
older (.doc) file type.
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INTRODUCTION

Computers and Electronics in Agriculture provides international coverage of advances in the
development and application of computer hardware, software and electronic instrumentation and
control systems for solving problems in agriculture and related industries. These include agronomy,
horticulture (in both its food and amenity aspects), forestry, aquaculture, animal/livestock science,
veterinary medicine, and food processing.

The journal publishes original papers, reviews, applications notes and book reviews on topics including
computerized decision-support aids (e.g., expert systems and simulation models) pertaining to any
aspect of the aforementioned industries; electronic monitoring or control of any aspect of livestock/
crop production (e.g. soil and water, environment, growth, health, waste products) and post-harvest
operations (such as drying, storage, production assessment, trimming and dissection of plant and
animal material). Relevant areas of technology include artificial intelligence, sensors, machine vision,
robotics and simulation modelling.

1. Original research papers
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3. Application notes
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Original research papers should report the results of original research. The material should not have
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Review articles should cover subjects falling within the scope of the journal which are of active current
interest. They may be submitted or invited.

An Application note is a short but complete description of a specific application, which will not be
included in a later paper. It should not occupy more than 4 printed pages (about 8 manuscript pages,
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2 years old.

Unsolicited reviews will not usually be accepted, but suggestions for appropriate books for review
may be sent to one of the Editors-in-Chief.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

If the work involves the use of animal or human subjects, the author should ensure
that the work described has been carried out in accordance with The Code of Ethics of
the World Medical Association (Declaration of Helsinki) for experiments involving humans
http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive 2010/63/EU for
animal experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm;
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Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest. Further information and an example of a Conflict of
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Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
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they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
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the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
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Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
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You are requested to identify who provided financial support for the conduct of the research and/or
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the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
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This journal offers authors a choice in publishing their research:

Open access

e Articles are freely available to both subscribers and the wider public with permitted reuse

e An open access publication fee is payable by authors or their research funder

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http://www.elsevier.com/access)

* No open access publication fee

All articles published open access will be immediately and permanently free for everyone to read
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Creative Commons Attribution (CC BY): lets others distribute and copy the article, to create
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Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts and
other revised versions, adaptations or derivative works of or from an article (such as a translation),
to include in a collective work (such as an anthology), to text and data mine the article, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, do
not modify the article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective work
(such as an anthology), as long as they credit the author(s) and provided they do not alter or modify
the article.

To provide open access, this journal has a publication fee which needs to be met by the authors or
their research funders for each article published open access.

Your publication choice will have no effect on the peer review process or acceptance of submitted
articles.

The publication fee for this journal is $2500, excluding taxes. Learn more about Elsevier's pricing
policy: http://www.elsevier.com/openaccesspricing.

Please write your text in good English (American or British usage is accepted, but not a
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WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. Authors can upload their article as a LaTex, Microsoft (MS) Word,
WordPerfect, PostScript or Adobe Acrobat PDF document. All correspondence, including notification
of the Editor's decision and requests for revision, takes place by e-mail removing the need for a
paper trail.

Referees
Please submit, with the manuscript, the names, addresses and e-mail addresses of 4 potential
referees. Note that the editor retains the sole right to decide whether or not the suggested reviewers
are used.

Additional Information

Manuscripts should be prepared with numbered lines, with wide margins and double-
spacing throughout, i.e. also for abstracts, footnotes and references. Every page of the
manuscript, including the title page, references, tables, etc. should be numbered. However,
in the text no reference should be made to page numbers; if necessary, one may refer to
sections. Avoid excessive use of italics to emphasize part of the text.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.
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There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure the text of your paper is double-spaced and has consecutive line numbering
- this is an essential peer review requirement.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared in
a way very similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Additional sections Background and/or Literature may be necessary, but only if these
aspects of the work cannot be adequately covered in the Introduction.

materials and methods

This section is necessary if your paper involves experimentation. Provide sufficient detail to allow
the work to be reproduced. Methods already published should be indicated by a reference: only
relevant modifications should be described. However, work published in Computers and Electronics
in Agriculture will often not comprise a straightforward experimental investigation or testing of a
hypothesis. Therefore, rather than Materials and Methods, other section headings may be appropriate.
e.g. one or more of:

Design Requirement

Measurement Requirement

Control Requirement

Specification of . . .

Development of . . .

Software Development

A section headed Performance Evaluation or Validation or Assessment may then be appropriate.
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results

is expected for all experimental work. Results should be clear and concise; and report only your work,
i.e. comparisons with other work from cited literature should be set out in the subsequent section
Discussion.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section may be appropriate, but if this is adopted it is essential to maintain clarity as
regards which results/achievements are your work and which are the work of others. Avoid extensive
citations and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required which should not be longer than 400 words. The abstract
should state briefly the purpose of the research, the principal results and major conclusions. An
abstract is often presented separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the author(s) and year(s). Also, non-
standard or uncommon abbreviations should be avoided, but if essential they must be defined at their
first mention in the abstract itself.

A Graphical abstract is optional and should summarize the contents of the article in a concise, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images
that clearly represent the work described in the article. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustration Service.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file nhame and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.
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Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Nomenclature and units

1. Authors and Editor(s) are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International
Code of Nomenclature of Bacteria, and the International Code of Zoological Nomenclature.

2. All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific
names when the English term is first used, with the exception of common domestic animals.

3. All biocides and other organic compounds must be identified by their Geneva names when first
used in the text. Active ingredients of all formulations should be likewise identified.

4. For chemical nomenclature, the conventions of the International Union of Pure and Applied
Chemistry and the official recommendations of the IUPAC-IUB Combined Commission on Biochemical
Nomenclature should be followed.

Formulae
1. All formulae should be presented consistently and clearly with regard to the meaning of each
symbol and its correct location. Formulae must be typed throughout.

2. All unusual symbols must be collected in a separate list in the appendix, giving a clear explanation
of each symbol.

3. Please try to keep the notation as simple as possible, and avoid ambiguities. Do not use special
typefonts if there is no urgent need to do so.

4. Different formulae should be clearly separated in the manuscript, at least by punctuation marks,
if not by words. Avoid breaking formulae if breaking is not strictly necessary (i.e., if the equation is
less than one typed line). Never let a sentence consist of formulae alone (i.e., without any connection
with the preceding text).

5. Do not use complicated juxtapositions of symbols. Also, try to avoid complicated subscripts and
superscripts; third-order indices especially present difficulties as to their size and position, and fourth-
order indices are taboo.

6. The manuscript must show a clear distinction between similar symbols, (e.g., between zero (0)
and the letter O, between one (1) and the letter |, and between multiplication (x) and the letter x).

7. Important formulae (e.g.definitions) must be displayed. All formulae which are to be referred to
later on must be displayed and numbered consecutively throughout the paper; the number should
appear on the right-hand side of the page.

8. In chemical formulae the valence of ions must be given as, for example, Ca2+ and CO32 rather
than as Ca++ and CO3--.

9. Isotope numbers should precede the symbols (e.g., 180).
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Footnotes should be used sparingly. Number them consecutively throughout the article. Many
wordprocessors build footnotes into the text, and this feature may be used. Should this not be the
case, indicate the position of footnotes in the text and present the footnotes themselves separately
at the end of the article. Do not include footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

o Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Tables
1. Authors should take notice of the limitations set by the size and lay-out of the journal. Large tables
should be avoided. Reversing columns and rows will often reduce the dimensions of a table.

2. If many data are to be presented, an attempt should be made to divide them over two or more
tables.
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3. Tables should be numbered according to their sequence in the text. The text should include
references to all tables.

4. Each table should be typewritten on a separate page of the manuscript. Tables should never be
included in the text.

5. Each table should have a brief and self-explanatory title.

6. Column headings should be brief, but sufficiently explanatory. Standard abbreviations of units of
measurement should be added between parentheses.

7. Vertical lines should not be used to separate columns. Leave some extra space between the columns
instead.

8. Any explanation essential to the understanding of the table should be given as a footnote at the
bottom of the table.

References

References 1. All publications cited in the text should be presented in a list of references following
the text of the manuscript. The manuscript should be carefully checked to ensure that the spelling of
author's names and dates are exactly the same in the text as in the reference list.

2. In the text refer to the author's name (without initial) and year of publication, followed - if necessary
- by a short reference to appropriate pages. Examples: "Since Peterson (1993) has shown that ...."
"This is in agreement with results obtained later (Peterson and Kramer, 1993, pp. 12-16)".

3. If reference is made in the text to a publication written by more than two authors the name of the
first author should be used followed by "et al.” This indication, however, should never be used in the
list of references. In this list names of first author and co-authors should be mentioned.

4. References cited together in the text should be arranged chronologically. The list of references
should be arranged alphabetically on authors' names, and chronologically per author. If an author's
name in the list is also mentioned with co-authors the following order should be used: publications
of the single author, arranged according to publication dates - publications of the same author with
one co-author - publications of the author with more than one co-author. Publications by the same
author(s) in the same year should be listed as 1994a, 1994b, etc.

5. Use the following system for arranging your references:

5.1 For periodicals

Yang, Q., 1993. Classification of apple surface features using machine vision and neural networks.
Comput. Electron. Agric. 9, 1-12.

5.2 For entire (special) issue of journal

Glaser, R., Bond, L. (Eds). 1981. Testing: Concepts and Research (special issue). American
Psychologist 36 (10).

5.3 For books

Peart, R.M., Brooks, R.C. (Eds.), 1992. Analysis of Agricultural Energy Systems. Energy in World
agriculture, 5. Elsevier, Amsterdam.

5.4 For multi-author books Price, D.R., Chen, T.H., Peart, R.M. 1992. Acknowledge-based decision
system for control of waste heat for a greenhouse-aquaculture complex. In: Peart, R.M., Brooks, R.C.
(Eds.), Analysis of Agricultural Energy Systems. Energy in World Agriculture, 5. Elsevier, Amsterdam,
pp. 33-46.

5.5 For unpublished reports, departmental notes, etc. Deshazer, J.A., Moran, P., Onyango, C.M.,
Schofield, C.P., 1988. Imaging systems to improve stockmanship in pig production. Div. Note 1549,
AFRC Institute of Engineering Research, Silsoe, UK.

6. Do not abbreviate the titles of periodicals mentioned in the list of references; alternatively use the
International List of Periodical Title Word Abbreviations.

7. In the case of publications in any language other than English, the original title is to be retained.
However, the titles of publications in non-Latin alphabets should be transliterated, and a notation such
as "(in Russian)" or "(in Greek with English abstract)" should be added.

8. Work accepted for publication but not yet published should be referred to as "in press".

9. References concerning unpublished data and "personal communications" should not be cited in the
reference list buy may be mentioned in the text.
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Apéndice 3. Fotos dos experimentos e materiais utilizados.

e

Foto 1: Equipamentos (gravadores de voz digital e microfones) adquiridos pelo projeto
e utilizados nas avaliacdes. Créditos - L. Fonseca.

Lolium multiflorum Cynodon dactylon

N

Foto 2: Detalhes das bandejas com micropastos das duas especies utilizadas nos ensaios.
Créditos - L. Fonseca.
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Foto 3: Fotos ilustrando o momento das desfolhagcdes nos testes de pastejo, ao lado
percebe-se a avaliadora (aluna de doutorado Lidiane Fonseca) registrando em seu
gravador o “grid” de bocados que ela estava observando. Créditos - J. K. Da Trindade.

Foto 4: Sequéncia da realizacdo dos testes de pastejo, da esquerda para a direita.
Pesava-se a caixa em balanca configurada para alta precisdo; que entéo era fornecida ao
animal e permitido tomar em torno de 10-15 bocados contados e identificados com
codigos de “tipos” de bocados (detalhes do método em Agreil & Meuret (2004) e
Bonnet et al. (2011); por fim, pesava-se novamente para ter o valor médio da massa do
bocado. Créditos - J. K. Da Trindade.
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7. VITA

Lidiane Fonseca nasceu em 13 de marco de 1986 na cidade de
Veré/PR, filha de Lidia e Garibaldi da Fonseca. Cursou o ensino fundamental
entre 1993 e 2000. E o ensino médio entre 2001 e 2003. Em 2004 ingressou na
UTFPR — Pato Branco, onde em 2008 graduou-se engenheira agronoma.
Durante o curso de agronomia desenvolveu atividades de iniciacdo cientifica,
atuando de atividades laboratoriais e de campo nas &reas de Botéanica,
Bovinocultura e Forragicultura. Foi bolsista da PET em varios projetos de
extensdo universitaria. Atuou nas areas de manejo de espécies forrageiras
anuais, bovinocultura de leite, dentre outras. Em 2009 iniciou o curso de
Mestrado junto ao Programa de P6s-Graduacdo em Zootecnia da UFRGS, na
area de concentracdo Plantas Forrageiras, como bolsista CNPg. Em Marco de
2011 obteve o grau de Mestre em zootecnia. Em Abril de 2011 ingressou no
curso de Doutorado junto ao Programa de Pdés-Graduacdo em Zootecnia da
UFRGS, na éarea de concentracdo Plantas Forrageiras, como bolsista CNPq.
Entre Junho de 2013 e Maio de 2014 realizou seu doutorado Sanduiche, como
bolsista do CNPq, na Universidade da Califérnia, Davis.



